We studied the beam dynamic behavior of the RF power coupler of the TESLA superconducting cavities. It is found that the transverse RF kick is not negligible. A transverse beam wandering of 1 to 2 mm was predicted and subsequently observed on the TESLA Test Facility. Two proposals are presented to reduce the kicks.
INTRODUCTION
TESLA is a superconducting RF based large linear collider project [I] . Its 9 cell superconducting cavity operating at L-band is fed by a coaxial coupler [2] . Due to its nonsymmetrical layout, a transverse kick caused by electromagnetic fields is clearly inevitable. In order to address this issue, we conducted an intensive and systematic investigation into the complete dynamic process involving power feeding, bunch injection, kick accumulation, and emittance growth by means of both numerical and analytical methods.
The analytical and numerical results show a good agreement with each other, which are confirmed by the experiment. The transverse RF kick of the coupler is more than 120 times as strong as that of transverse wake fields of a TESLA 9 cell cavity by a 1 mm (U=) 1 nC bunch at 1 mm off-axis. The time variation of the kicks is directly responsible for the emittance growth, which is as high as 27%. The transverse offset at the exit of the first TESLA accelerating module in the TESLA Test Facility ('IT) is found to be 1 -2 mm at EO =I5 MeV and E,,, =I5 MV/m.
With a view to reducing the transverse kicks, two proposals are presented. One is by adopting alternating coupler arrangement: The other by symmetrical coupler. Both RF kicks and emittance dilution can be reduced dramatically.
SIMULATION APPROACH
The simulation is carried with MAFIA [3] in two steps: T 3 for field and TS3 for beam simulations.
Field Simulation
The geometry is shown in Fig. I . RF power is fed at the outer terminal at x = x , , , .
The two lowest cavity modes areE01-0andEOl-x. 
Field Ratio

Spatial and Temporal Dependence
The spatial field distributions along the beam axis are shown in Fig While for high Qs, 4E.h = -T and @B,h = 4.
coupler can be written as follows:
A complete set of expressions for E, and By near the
where 40 is injection phase. Ez and B, are given by Eq. 1.
Kick Simulation
A full 3D geometry is used for kick simulations. Qr is 6000. RF power of 1 MW is fed at t=0. A 1 nC SMeV bunch of length 20 ps is injected at t=200 ns from either Comparing with the numerical results (Eq. 6). we find they agree within 10%. This nice agreement provides a solid hasis for an extrapolation to high Q cases.
The RF kick for an actual TESLA cavity is estimated as This value is more than 120 times stronger than transverse kick factor ktsCerL, which is I8 V/nC/mm for a Imm (aa) 1 nC bunch [4] . Another equivalence can be made to the wake field kick (k;'") of the coupler itself. Simulation shows kgP1' = for a 1 mm az bunch, i.e. kFpIT = 3.4 V/nC (on-axis). To reach the 2.3 keV/c F S kick, the bunch charge should be as high as 676 nC! And finally, we have
For the cryomodule of eight couplers, there will be as high as 27% emittance growth. For E L operation, this number is obviously not small. P, shows a strong dependence on $0 and Ql (Fig. 5 ).
ESTIMATION OF RF DISPLACEMENT IN THE FIRST TTF CRYOMODULE
The TESLA accelerating module (cryomodule, Fig. 6 ) is composed of eight cavities, each of which has an RF power coupler. The couplers are mounted at the downstream end of the cavities. We traced a single particle through the a x RFcouplWs En-lSMa"
./ ! \. structure with lumped transverse kicks from the couplers.
The accumulated offset Ax is 1 -2 mm. It has a strong dependence on 4 0 and Q1. Since the absolute value of RF kicks is independent of initial beam energy, it is therefore more harmful at low beam energies. The displacement was confirmed by measurement [61.
SYMMETRICAL RF POWER COUPLER AND SUPER'STRUCTURE
The RF kick comes from non-symmetrical stationary field pattern near coupler. A natural solution is to use a symmetrical coupler. With particle simulations, emittance growth can be reduced by 17%. We propose to use such symmetrical coupler to feed two superstructures [7] in the middle, is defined as (cell-to-cell)-(cavity-to-cavity) phase advance.
so called super2structure (Fig. 7) . Effective accelerating length of a super'structure is 13% higher than that of the original structure. Given n=l, p=O, and m=l, the net geometrical length of a super2structure is 8x8=64 cells; Accelerating length is 8x7=56 cells. For the original structure, they are Sx12-3=93 cells and 8x9=72 cells, respectively. The gain ratio is then super'structure 56 original TESLA E :: = 1.13.
(13)
CONCLUSIONS
We made a systematic investigation of transverse kicks on beams by the TESLA RF power coupler. The analytical and numerical results agree quite well with each other. The theoretical prediction was confirmed by the experiment. The accumulated beam displacement in the TTF cryomodule is 1 -2 mm. Emittance growth is found to be as high as 27%. The proposed supe?structure can not only exploit the effective accelerating length of TESLA, but also dramatically reduce the RF kicks.
